This paper proposes a novel method which combines Dijkstra algorithm (DA) and ant colony optimization (ACO) algorithm. This method is competent to satisfy the cost priority of path-finding under constraint and complex conditions. First, build a network pruning, and use the Dijkstra algorithm to generate a secondary synthesis network diagram, and then make use of ant colony algorithm in the secondary synthesis network diagram to search for paths. Simulation results based on network topology show this improved algorithm is efficient and feasible to search for paths under complex constraints.
Introduction
With the traffic network and the resource layout increasingly complex, the cost of path planning is higher and higher, and the restrictions of path finding become continually much. The traditional road-seeking scheme cannot meet the need of the cost priority in complicated situations. Single source shortest path finding algorithm is an essential algorithm in graph theory, which can be used to solve the problems of urban path planning and routing arrangement. But in fact, the situation may be far more complicated. For example, bus route design problem, which determines the starting node, the end node, and some intermediate sites to go through, sometimes there are some road closure leading to these road sections cannot pass, and sometimes some of the road sections must pass. The layout of routers can also be transformed into a path-finding problem with complex constraints. The shortest path problem can be solved by using Dijkstra algorithm [1] . An algorithm based on nature-ant colony algorithm, has been proposed, which is more efficient than the random algorithm in self-organizing large allocation problems [2] .
In the complex assembly problem, the paper [3] proposes that the combination of two algorithms can simplify the complex situation and improve the efficiency. In the network nodes, with the starting node, terminal node, and the necessary node set, and the necessary nodes are not all nodes, the Dijkstra algorithm and greedy algorithm are combined to deal with the cost priority path finding problem in complex situations. However, the combination of the necessary nodes is the whole combination of traversal algorithm, which leads to the complexity of the algorithm as factorial level, so it is not desirable in the cases that the number of necessary nodes increased. In more complex cases, some of the edges of the diagram cannot pass, while some of the edges must pass, and it increases the difficulty of finding paths under the complex constraints.
This paper presents a novel approach to deal with complex path-finding problem. We construct the network pruning, and then use the Dijkstra algorithm to generate the two synthesis Network diagram in the specific rules [4] , and seek the path in two synthesis network diagram based on ant colony algorithm, and finally take advantages of the network topology simulation [5] to demonstrate the feasibility and validity of the scheme.
Description on the CCP Problem
In a given network diagram, assume a given starting node, end node, necessary nodes, necessary edges, and dangerous edges, in addition to the starting node and the end node, the other nodes and edges are optional conditions. The requirement is to find the shortest path which starts from the starting node through necessary nodes and necessary edges, avoids dangerous edges, and reach the end node last.
Model Solving Algorithm
The improved method is divided into two parts: First, build a network pruning, and use the Dijkstra algorithm to generate a secondary synthesis network diagram, and then make use of ant colony algorithm in the secondary synthesis network diagram to search for paths.
The algorithm flow is as follows:
Step 1: initialize the graph, and determine if there is a solution. Solve the reachability matrix of the network graph and determine whether all the related nodes are reachable. If there is an unreachable related node, the problem output no solution and the algorithm is over.
Step 2: use Dijkstra algorithm to seek the road, and get the paths and distance between the related nodes.
Step 3: form a new network diagram (two times synthetic network diagram) according to the related nodes in step 2, the distance between the nodes is the solution in Step2, and if the necessary edge is not included, add it in directly.
Step 4: initialize the population, algebra, pheromone volatile values, and reward parameters of ant colony algorithm.
Step 5: use roulette principle to select the next node and determine whether it is the point on the inevitable edge. If yes, directly chose another node of this inevitable edge. If there is a shorter path between the two nodes than the inevitable edge, delete the inevitable edge after forcing to select the next node for the first time. If the shortest path is the inevitable edge between the two nodes, do no treatment.
Step 6: update the pheromone after all nodes are selected.
Step 7: loop step5 to step6 until meet the algebraic requirements.
Step 8: backtrack to get the paths and length in the original network graph, and the algorithm is finished.
Simulations and Analysis
This paper makes use of topology simulation to verify the feasibility of the improved algorithm. The program is established on java1.7, with windows10 system and 8G memory on processor Intel Core i7-4710MQ quad core processor. As shown in Figure1, S and E are the starting node and the end node, the green nodes are required nodes which must pass, the green lines are must routes, red lines are impassable routes. The numbers alongside the lines are the costs of time. And this map is undirected graph, positive and negative directions are both passable. Find the desirable path which spends the shortest time under the above constraints. According to the complexity of the ant colony algorithm in the paper [2] , the time complexity of ant colony algorithm is obtained:
(1) ܰܿ is iteration number, and the test set it for 100 times. And ݊2 is the square of the number of related nodes, m is the size of ants in the ant colony, and this test set m for 10 times as much as n2.
According to the calculation of complexity of the Dijkstra algorithm in the paper, the time complexity of the Dijkstra algorithm in adjacency matrix is obtained:
(2) N2 is the square of the number of all nodes. Due to the need to calculate the shortest paths between all pairs of the correlation nodes, the time complexity of the algorithm is This improved algorithm has a good application scene. As shown in Table 1 , the improved algorithm can also deal with the path-finding problem well in the case of large and complex networks, even if the number of necessary nodes and the necessary edge increased. Compared to the violence splicing algorithm, there is a great optimization.
Summary
A novel method combining Dijkstra algorithm and ant colony algorithm is proposed, which makes use of secondary synthesis network diagram, providing an effective path-finding scheme in complicated systems. The experimental results based on network topology show that the improved algorithm can solve practical problems effectively and provide a reliable and stable scheme for bus route planning and router routing. However, the solution of the scheme has dependence on the parameters of ant colony algorithm in different network diagrams, which needs to study further.
